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HYDROGEQLOGY OF THE PRINCIPAL AQUIFERS IN

SULLIVAN AND GREENE COUNTIES, INDIANA

By L. W. Cable and T. M. Robison

ABSTRACT

The rocks that underlie Sullivan and Greene Counties may be placed
in two general categories——consolidated and unconsolidated. Based on
their water-bearing properties the consolidated rocks are subdivided
into three major hydrologic units. Aquifers in unit 1 are relatively
thickbedded limestone and sandstone bodies. This unit contains the best
consolidated rock aquifers of the two county area. The average yleld
from wells in this unit is 10 gpm with yields of as much as 100 gpm
reported. The aquifers of unit 2 are sandstone bodies which cccur through-
out the strata of this unit. The average yield of wells in this unit is
5 gpm, and maximum yields are about 20 gpm. Unit 3 is similar in most
respects to unit 2; however, in this unit there are fewer water-bearing
sandstone bodies and, as a consequence, numerous dry holes are drilied.

Aquifers in the unconsolidated rocks of the area are coarse sand and
gravel deposits which are principally glacial in origin. These deposits
are located predominantly along the stream valleys. The valleys of the
Wabash and White Rivers contain the thickest and, therefore, the best
unconsolidated rock aquifers of the area. Yields from wells in these aqui-
fers average 350 gpm with yields of as much as 1,000 gpm reported.

Partial or complete analyses of over 300 samples of water indicate
that the consolidated rocks of the area yield calcium bicarbonate, sodium
bicarbonate, and sodium chleride water, and the unconsolidated rocks
yield caleium bicarbonate water.

INTRODUCTION

Purpose and Scope

The purpose of this report 1s to evaluate the ground-water resources
of Sullivan and Greene Counties, Indiana with respect to the hydrogeology
of the consolidated and unconsolidated rocks and the chemical guality of
the water in these rocks, and to provide information that will aid in the
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location and development of the principal sources available for domestic,
agricultural, industrial, and municipal use, The chief problems are
related to ground-water availability and potential of sources now being
used, ' Further consideration is given these two aspects with respect to
future water supply development. This report identifies the principal
sources of ground water, describes the hydrogeologic characteristics and
potential of these sources, and defines the chemical quality of the water
and factors affecting water quality.

Previous Investigations

The results of gemeralized geologic-ground-water resources studies
were published by Leverett (1897 and 1905) and Harrell (1935). Prelim-
inary evaluations of the ground-water resources of both Greene and
Sullivan Counties are published separately in reports by Watkins and
Jordan (1961 and 1962).

Cooperation and Acknowledgements

The investigation of the ground-water resources of these counties
has been conducted by the U, S, Department of the Interior, Geological
Survey, in cooperation with the Indiana Department of Natural Resources,
Division of Water, as a part of the State-wide investigation of the ground-
water resources of Indiana, The authora wish to express their sincere
thanks to all persons who contributed time, information, and assistance
during the collection, tabulation, and processing of data for this report,
We are especially grateful to the following State agencies for information
furnished by them and used in this report: the Geological Survey, the
Division of 0il and Gas, and the Division of Water, all of the Indiana
Department of Natural Resources, .

Physiography and Climate

Sullivan and Greene Counties, of west-central Indiana (fig. 1), are
within the Wabash Lowland and Crawford Upland physiographic provinces
(Malott, 1922, p. 59-256)., All of Sullivan County and approximately
two-thirds of adjoining Greene County form a part of the Wabash Lowland.
This region is topographically low and is generally characterized by
wide alluvial plains and aggraded valleys, The remainder of Greene
County is part of the Crawford Upland. In this part of the area the
variety of topographic form and diversity of relief, which is so charac-
teristic of this physiographic province, is much in evidence, The land
becomes quite rugged with numerous hills and ridges separated in places
by deep valleys. The entire two-county area is drained by the Wabash
and White Rivers and their tributaries,

Continuous records of air temperature and precipitation at Elliston,
Indiana (fig. 1) have been kept since 1913 by the U. S, Weather Bureau.
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Based on normals for the period 1931-1960 the average amnual precipi-
tation is 42,08 inches and the average annual air temperature is 54.39 P,
The average meonthly precipitation is shown in Table 1.

Table 1,--Average monthly precipitation at

Elliston, Indiana, 1931-1960,

Month Precipitation
{inches)
January---~==-=- 3.45
Pebruary--~=---- 2.60
March-e==~ma-aa- . 3,75
April----------- 3.88
May--=-==mmmmmne 444
Junee===aueca——— 4,91
July=--au-u-cen-a 3.43
August-cesmaa- - 3.37
September-~=---- 3.34
October--------- 2.54
November-----==-- 3,44
December--=--=--- 2.89

Ground-Water Occurrence and Movement

The principal source of ground water is precipitation that seeps
into the 3oil and rock through open spaces (interstices) between indivi-
dual particles, The size and degree of interconnection of the interstices
(porosity) are factors important to the infiltrationm of water into the
ground, Water in the aoil or rock moves downward under the force of
gravity until it reaches a level below which the interstices become
saturated, This level marks the top of the zone of saturation and is
termed the water table, Water in this zone is called ground water, and
rocks that will yield sufficient ground water to be a source of supply
are referred to as aquifers,
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Not all the water that seeps below land surface reaches the zone of
saturation. Above the zone of saturation is the zone of aeration (sus-
pended water) where some water is withdrawn by evaporation and transpira-
tion and where some water is locked 'in the interstices by molecular at-
traction. Rocks in the zone of aeration are mot completely saturated.

Two principal types of ground water occur in the zone of saturation,
unconfined and confined. Water occurs under unconfined (water-table)
conditions if the aquifer is directly overlain by unsaturated material
whose permeability (ability to transmit water) is similar to that of the
aquifer. The water level in wells tapping such an aquifer will coincide
approximately with the water level in the aquifer. Conversely, water in
an aquifer is said to occur under confined (artesian) conditions if the
water is under pressure because the aquifer is directly overlain by a
layer of rock whose permeability is less than that of the aquifer. Such
a layer retards ground-water movement and is termed "confining layer".
The retardation of ground-water movement will result in an increase in
hydrostatic pressure in the aquifer and this will cause the water level

in wells tapping the aquifer to rise above the base of the confining
layer.

The surface that coincides with the static water level in wells is
termed "pilezometric surface™. The piezometrie surface is imaginary in
an artesian aquifer because it represents not a real surface but indicates
the distribution of hydrostatic pressure in the aquifer. However, under
water-table conditions the piezometric surface is real because it repre-
gsents the top of the zone of saturationm.

Figure 2 shows diagrammatically the basic fundamentals of the source,
occurrence, and movement of ground water. For a more complete explanation
of the fundamentals of ground-water hydrology see Baldwin and McGuinness
{1963).

HYDROGEOLOGY

Both consolidated and unconsolidated rocks underlie Sullivan and
Greene Counties and both contain significant water-bearing zones that
are distinctly separate hydrologic units. The stratigraphy of these
rocks and a summary of their hydrologic properties is shown in table 2.
For this report a small municipal or industrial requirement is regarded
ag less than 100 gpm (gallons per minute); a moderate requirement is
100 to 300 gpm: and a large requirement is greater than 300 gpm.

The geologic names used in this report are those used by the Indiana
Geological Survey and are not necessarily recognized by the U. S. Geolog-
ical Survey.

Consolidated Rocks as Sources of Water

The consolidated rocks of the area are Mississippian and Pennsylvanian

-5 -
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in age. (See Patton, 1956). These strata dip to the west and southwest
" at an average rate of from 25 to 35 féet per mile and crop out in wide
belts across the bedrock surface. Mississippian rocks are composed
chiefly of sandstone, shale, and limestone. The limestone beds are
relatively thick, compared to those in the overlying Pennsylvanian
saction, and are the principal sources of ground water. Bedded sandstone
is also a source of water.

The Pennsylvanian rocks are a part of the eastern shelf area of the
Eastern Interior structural basin. They consist of shale, sandy shale,
and fine- to medium-grained sandstone with many thin, readily distinguish-
able beds of limestone, coal, and underclay. These rocks are arranged
in repetitive sequence or cycles known as cyclothems (Weller, 1930;
Wanless and Weller, 1932). Each cyclothem ideally consists of ten dis-
tinet lithologic members and extends from the base of a sandstone to the
base of the next higher sandstone. The basal sandstone member generally
is the principal water-bearing zone of the sequence.

The consolidated rocks of the two-county area can be subdivided
into 3 major hydrologic units on the basis of their water-bearing proper-
ties. (See table 2). No attempt has been made to map individual aquifers
within these units.

Hydrologic Unit 1

Unit 1 includes all rocks of Mississippian age plus the basal Penn-
sylvanian Mansfield Formation (See pl. 1). The relatively thick-bedded
limestones and sandstones are the best aquifers of this unit. The lime-
stone aquifers are Mississippian in age and occur aleng the eastern edge
of the area in Greene County. Thick sandstone bodies of both Mississip-
pian and Pennsylvanian age above these limestone beds are the principal
source of ground water in the area to the west. Properly constructed
wells in this unit should readily yield 20 to 30 gpm (gallons per minute).
Yields as high as 100 gpm have been reported.

Several wells with relatively high yields occur in the sandstone area
of unit 1. The location, casing record, and lithology of these wells
indicates that the water is being produced from the vicinity of the
Mississipplan-Pennsylvanian contact. (See pl. l). This contact may be
a significant source of water in which relatively high-yield wells could
be developed. No detailed subsurface map of this contact is available at
this time. '

The best aquifers of the consolidated rock of Sullivan and Greene
Counties are the limestone and sandstone bodies of hydrologic unit 1.
With proper well construction yields sufficient for small to moderate
industrial or municipal requirements may be obtained.

Springs are commonr in the limestone texranes of eastern Greene
County. Some of these springs are peremnial and may serve as sources of
ground water. Yields adequate for domestic, farm, and, in a few cases,



small industrial requirements occur. For information concerning the
location, yield, and water quality of the more important springs in this
area see Watkins and Jordan (1961, table 4).

Hydrologic Unit 2

Unit 2 includes all rocks between the base of the Brazil Formation
and the top of the Shelburn Formation. (See pl. 1). The cyclie nature
of the Pennsylvanian rocks, or cyclothems, becomes much more obvious in
this section. The basal sandstone members of the cyclothems are the
principal water-bearing zones. Each sandstone member commeonly contains
two phases--a sheet phase and a channel phase. The channel phase has
the best potential as a source of water because of its greater thickness.
Wells drilled in unit 2 will, in all likelihood, penetrate one or more of
these water-bearing sandstones owing to their occurrence throughout the
strata of this unit. Yields from wells in unit 2 average 5 gpm and rare-
ly exceed 20 gpm. For a more detalled study of the geologic and hydro-
logic characteristics of aquifers in this part of the Pemnmsylvanian sec-
tion of west-central Indiana, see Cable, Watkins, and Robison (1971).

The potential production from the water-bearing rock of unit 2 is
substantially less than that of unit 1. The amount of water normally
produced from wells in unit 2 is adequate for farm, domestic, and in
some cases, small industrial and small municipal requirements.

Hydrologic Unit 3

Unit 3 includes all consolidated rocks above the Shelburnm Formation.
(See pl. 1). These rocks are similar in most respects to those of unit
2. Cyclothems are well developed, and the basal sandstone member is the
best source of water. In unit 3, however, the sandstone bodies generally
are not as continuvous as those of unit 2 and they occur less frequently
than in unit 2. Therefore, wells drilled into unit 3 are less likely to
penetrate a sandstone aquifer than are those drilled into unit 2. There
is a substantial increase in the number of dry holes drilled im unit 3 as
compared to unit 2. Where water wells are made in unit 3, their yilelds
are similar to those of unit 2.

Bedrock Topography

The topography and elevation of the bedrock surface in Sullivan and
Greene Counties is shown on plate 2. The configuration of this surface
is the result of long periods of weathering and erosion that began in
late Palezoic time, approximately 300 million years ago. As a result of
glaciations during the Pleistocene Epoch or "Great Ice Age", which began
about 1 million years ago, approximately four fifths of the area was
blanketed by glacial deposits. (See pl. 3). The bedrock surface beneath



these glaclal deposits is a gently rolling plain with moderate relief.
VWhere bedrock is at the land surface it is quite rugged and hilly. There
1s greater local relief in the unglaciated area and bedrock is exposed
at higher elevations of the land sutfate. Many of the valleys in the’

unglaciated area are filled with glacial outwash deposits and (or) lake
sediments. (See pl. 3).

Unconsolidated Rocks as Sources of Water

The chief sources of ground water in the unconsolidated rocks of
Sullivan and Greene Counties are the glacial outwash and alluvium of the
Wabash and White River valleys. These deposits are composed mostly of
relatively well-sgorted coarse sand and gravel from which water may be
produced in relatively large quantities. Similar sand and gravel deposits
occur in some of the valleys of the prineipal tributaries of the Wabash
and White Rivers. These deposits are also potential sources of water.
Information is not sufficient, however, for a detailed mapping of the
sand and gravel deposits of either the Wabash and White River valleys
or their major tributaries or for an adequate appraisal of their aquifer
capabilities. Outside of the major stream valleys the unconsolidated
rock is mostly till and lake sediment. (See pl. 3). These deposits do
not as a rule contain good aquifers and the underlying bedrock aquifers
generally are the best sources of ground water.

During Pleistocene time the Wabash and White Rivers served as major
sluiceways for glacial melt waters. (See Thormbury, 1950). Thick valley
trains of glacial outwash were built along these valleys and their major
tributaries so that the present valley floors stand considerably above
the bedrock surface. In places, the valley-fillings contain thick and
extensive beds of water-~bearing sand and gravel that are capable of the
development of large-capacity wells. Yields of approximately 1,000 gpm
have been obtained from wells in these aquifers im sections 3, 4, 14,
and 15, T. 6 N., R. 10 W. of Sullivan County and in section 7, T. 6 N.,
R. 6 W, of Greene County.

The water in the aquifers of these valleys may occur under either
unconfined (water-table) or confined (artesian) conditions. However, the
water generally 1s unconfined in the Wabash River valley aquifers and
generally is confined in the aquifers of the White River valley. The
confined conditions in the White River valley are the result of extensive
deposition of lacustrine silt and clay over outwash during the latter
part of the Pleistocene Epoch. (See pl. 3). Yields from properly con-
structed we 1ls in these river valleys should be adequate for large indus-
trial or large municipal requirements.

Test holes should be drilled in the valley fill of the stream

-10-



valleys in order to determine the location, extent, thickness, and satur-
ated thickness of an aquifer before attempting to drill and develop large-
capacity wells. Tn the bedrock surface beneath the unconsolidated valley-
£ill deposits there generally is a buried channel that, in the report area,
marks the pre-Pleistocene course of the river. The areas overlying the
buried channels are likely places for exploration and possible develop-
ment of large-capacity wells because it is here that the saturated valley-
fill deposits will be thickest. However, the exact location of the buried
channel can be difficult to determine because the position of this chan-
nel is in no way related to the position of the present stream. Test
drilling is the most common method used for determining the position of
the buried channel.

Figure 3 shows schematically the best method of locating a buried
channel by test drilling. TIllustration A in the figure is a plan of a
stream valley showing the flood plain, the present stream channel, the
buried channel and a line of test holes (A-A'). The cross section along
A-A" is shown in illustration B. This illustration does not represent
a particular location in the Sullivan-Greene County area. Tt is an
example used to illustrate the practicality of test-drilling to obtain
required information for maximum development of available sources.

Lines of test holes should be drilled straight across the flood
plain of a valley in order to locate the buried chanmel and evaluate the
aquifer capabilities of the valley f£ill with a minimm of test drilling.
The spacing between the test holes will depend on the size of the valley.
The cross section shows the thickest water-bearing materials occurring
between test holes 2 and 3; therefore, the buried channel occurs between
these test holes. A test hole (no. 6) should be drilled between test
holes 2 and 3 in order to determine maximum thickness of the saturated
valley-fill. 1If a more accurate determination of the position of the
buried channel is desired, additional test holes should be drilled be-
tween test holes 2 and 6 and between test holes 6 and 3. The trend of
the buried chamnel can be determined by drilling additional lines of
test holes across the valley.

Water -Level Fluctuations

Seasonal fluctuations of water levels in wells occur with cyclic
regularity. These fluctuations are the result of seasonal variations
in the ratio of recharge to discharge in the aguifer. When the amount
of recharge exceeds that of discharge, the supply of water in the aquifer
is replenished and the water level in wells in the aquifer will rise;
conversely, when the amount of discharge from the aquifer exceeds that
of recharge, water is withdrawn from storage and the water level in a
nonpumped well will be highest in mid spring and will decline steadily
throughout the spring and summer months, reaching its lowest point in
mid autumn, This is the result principally of an increase in the amount
of water withdrawn from the soil by evaporation and transpiration during
the late spring and summer months. The general increase in the amount
of water used for agricultural, recreational, and domestic purposes

- 1] =
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during this period is alsoc a contributing factor, After the low
point is reached, the water level will begin a rising trend and will
generally rise steadily throughout the late autumn and winter months,

Figure 4 shows the hydrograph of observation well Greeme 3 and
the monthly precipitation at Elliston, Indiana over a 4% year period,
This well is in the SW%, SW%, Sec, 20, T, 7 N., R, 6 W, of Greene
County and taps confined water in a sand and gravel aquifer., The hy-
drograph demonstrates the cyclic nature of annual water-level fluctu-
ations in nonpumped wells; it also shows the relaticon of water-level
fluctuvation to precipitation, Although the amount of water-level
fluctuation will vary from well to well, the general shape of the
hydrograph shown in figure 4 is considered to be representative of
nonpumped wells in Sullivan and Greene Counties,

QUALITY OF WATER

The chemical quality of the ground water in Sullivan and Greene
Counties was determined from the partial analysis of over 300 samples
and the complete analysis of 20 samples, A tabulation of the complete
analyses is given in table 3, Most of the partial analyses can be
found in the preliminary reports for these counties (Watkins and Jordan,
1961l: 1962), The significance of, and recommended limits for, the var-
ious constituents are given in table 4,

Hardness

As shown by figure 5, the water from the unconsolidated rocks is
very hard (see hardness classification in table 4), This is largely
due to the solution, as bicarbongte, of calcareous material in the
rocks by recharge water containing carbon dioxide,

The water in the shallow Pennsylvanian rocks, having previously
passed through the overlying unconsolidated rocks, is also very hard,
However, water derived from the deeper Pennsylvanian rocks is usually
much softer probably because the calcium and magnesium ions have been
replaced with sodium ions through contact with ion-exchange materials,
such as certain clay minerals that are present in clay and shale beds
and disseminated throughout most other rock types. There has been a
progressive depletion of exchangeable sodium ions in the ion-exchange

materials toward the surface owing to contact with progressively larger
volumes of hard water, '

The outcrop area of the Mississippian rocks is largely umglaciated,
Recharge water reacts with the numerous calcareous beds in these rocks
to produce hardness in the shallow zone, The base-exchange minerals in
the shallow zone have probably been depleted of much of their sodium
through constant contact with caleium-rich water so that they are rela-
tively inactive as softening agents, At depth, however, considerable
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HARDNESS *, IN

PARTS PER MILLION

— 200
— 400
— 600

— 800
—1000
—1200
—1400
— 1600
— 1800
— 2000

Unconsolidated rocks
(Quaternary age)
All depths
34 analyses

Pennsylvanian rocks
Well depth 100 ft.
or less
151 analyses

Pennsylvanian rocks
Deep wells cased to
100 ft. or more
63 analyses

Mississippian rocks ¢

Well depth 00 fi.
or less

22 analyses

M
A

Mississippian rocks t
Deep wells cased to
100 ft. or more

22 analyses

-
ﬁ|r:|

Mississippian rocks t
Springs
19 analyses

1

~

A
| [ ]

M{MEDIAN)
MlNlMUM[ﬁ@MAxIMUM

A(AVERAGE)

* Total hardness as

CaCO4

t+ Greene County only

FIGURE 5. —- Hardness of ground water in Sullivan and

Greéne Counties.
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goftening takes place, but to a lesser extent than in the Pennsylvanian
rocks.

Bicarbonate (HCOS)

The bicarbonate concentration in well water from the consolidated
rocks tends to increase with well depth. This is largely due to a series
of reactions involving sodium ions, carbon dioxide and carbonate miner-
als. The higher values in the Pennsylvanian rocks mey be attributed to
higher concentrations of carbon dioxide, derived mainly from coal and
other carbonaceous rocks, and to higher sodium ion concentratlons. The
maximm, minimum, median and average bicarbonate concentratioms of
ground waters sampled in the area are shown in figure 6.

Sulfate (S0,)

The average and median sulfate concentrations in water from all of
the rock types are well below the recommended maximm (table 4). The
higher median value for the shallow Pennsylvanian rocks, shown in
figure 7, as compared to the median values of the unconsolidated rocks
and deeper Pennsylvanian rocks, may be attributed to the introduction
of air into pyrite-bearing rocks as the result of short well casings.
Well logs illustrating the occurrence of pyrite in the Pennsylvanian
rocks can be found in the report of Watkins and Jordan (1962).

The increase in sulfate concentration with depth in the Mississippian
rocks may be chiefly due to solution of gypsum (hydrated calcium sulfate).
Gypsum beds have been encountered at depths of several hundred feet.
However, no detailed mineralogical studies that might reveal lesser
amounts of gypsum in the shallower rocks have been made.

Fluoride (F)

In the area studied, as in neighboring areas, fluoride concentra-
tions bear a definite relationship to water hardness (Cable, Watkins
and Robison, 1971, p. 28, 30), hard waters usually having concentrations
that are below the recommended level (table 4), and soft waters usually
having concentrations that are within or above the recommended levels
(table 4). The water from the unconsolidated rocks, being hard, is also
low in fluoride. As was shown in figure 5, hardness in water from the
Pennsylvanian and Mississippian rocks tends to vary with depth, the
deeper wells geneérally yielding softer water. Therefore, the deeper
wells can frequently be expected to yleld water having fluoride concen-
trations that are within or above the recommended levels, particularly
in the Pennaylvanian rocks.
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BICARBONATE CONCENTRATION,

IN PARTS PER

— 200
— 400
— 600,

— 800

MILLION

1000
1200
- 1400
- 1600
1800
2000

Unconsolidated rocks M
(Quaternary age)
All depths

34 analyses A

Pennsylvanian rocks M
Well depth 100 ft,

or less

151 analyses A

Pennsylvanian rocks M
Deep wells cased to 4

100 ft. or more

63 analyses A

Mississippian rocks M

Well depth 100 ft, ”’ ]
or less <

22 anatyses

Mississippian rocks t M
Deep wells cased to | |

IC0 ft. or more
22 analyses

Springs E

Mississippian rocks 1 :T
19 analyses A

M (MEDIAN)
MlNlMUMI]j;IMAxmum

A (AVERAGE)

+ Greene County only

FIGURE &.—— Bicarbonate concentrations in ground water of

Sullivan and Greene Counties.
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PARTS

— 800

CONCENTRATIONS, IN
PER MILLION

— 1000
1200

- 200
‘400

O
0.
L

" Unconsolidated rocks |
(Quaternary age)

|-1600
1800

1400
“|l- 2000

All depths

26 analyses

Pennsylvanian rocks
Wel) depth 100 ft.

or less

121 analyses

Pennsylvanian rocks
Deep wells cased to la——

100_ft..or more.... .
54 analyses

Mississippian rocks T
Well depth 100 ft,
or less '

19 analyses

Mississippian rocks +
Deep wells cased to
100 ft. or more

20 analyses

Mississippian rocks +
Springs
(9 analyses

| M(MEDIAN)
_MINI MIM-MAX!MUM
A(AVERAGE)

+ Greene County only

FIGURE 7.—- Sulfate concentrations in ground water of

Sullivan and Greene Counties.
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Chloride

Some wells in the area yield high-chloride water, that is, having
a chloride concentration greater than 250 ppm (parts per million).
Some of these occurrences are due to a natural upward seepage of high-
chloride water from deep formations. Others are caused by oil and gas
operations, either by direct infusion of high-chloride water into the
aquifer from the oil (or gas)-well bore holes or by surface spillage and
infiltration. The former is more likely to cause excessive chloride in
bedrock water, while the latter is more likely to affect streams and un-
consolidated aquifers. An analysis of a low-flow sample from a small
Stream in north-central Sullivan County indicated a chloride concentra-
tion in excess of 11,000 ppm. Most of the oil and gas operations are in
Sullivan County and it is here that most of the contamination occurs.
Areas in which high-chloride water occurs at normal water-well depth are
outlined on plate 3 of the preliminary reports for each of the two count -
ies (Watkins and Jordan, 1961 and 1962). Many of the outlined areas cor-
respond to the location of oil filelds.

Where oil-field contamination is involved, high-chloride water may
be encountered at any depth. However, high-chloride water due to natural
seepage in the consolidated rocks is more predictable. At the towns of
Lyons and Switz City in Greene County and at Pleasantville in Sullivan
County high-chloride water has been encountered at depths as shallow as
130 feet. 1In other parts of the two counties, west of the White River,
the depth to high-chloride water in the consolidated rocks is estimated
to range from slightly over 100 feet to more than 200 feet.

No occurrences of high-chloride water have been noted in the Missis-
sippian rocks east of the White River. Fresh water has been obtained at
well depths of over 400 feet. This condition is primarily due to two
factors: the higher hydraulic head east of the White River and the pre-
sence of cavernous limestomes. The higher fresh-water hydraulic head re-
tards the upward migration of the high-chloride water and causes it to
seek release at lower elevations to the west. - The cavernous limestones
are capable of tramsmitting large quantities of water at or near the

surface with this ability decreasing with depth, thereby favoring the
fresh-water circulation.

Total Dissolved Solids

The values shown on figure 8 were derived both from complete and
partial analyses. The concentrations for the partial analyses were
estimated from a formula using the three principal negative ions:. bicar-
bonate, sulfate and chloride (Collins, 1928). In most of the samples
bicarbonate was the predominant negative ion. However, in most instances
where the concentratjon in samples from the unconsolidated rocks and
shallow Pennsylvanian rocks exceeded 1,000 ppm, sulfate was the predomin-

ant ion. The maximum concentration shown for the deep Pennsylvanian rocks
was due chiefly to chloride ion.
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